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RECOGNIZING how vague and unprecise is the information on the exact origin of the pyrailldal tracts that is given in even the best known text-books on the anatomv of the nervous system, it appeared to the authors advisable to undertake an investigation-(1) To delimit exactly the region of the cerebral cortex from which the pyranidal tracts spring.
(2) To determine from what cells of the cortex they take origin.
(3) To determine the relation of the area of origin of the pyramidal fibres to the so-called "excitable motor cortex."
(4) And its relation to any of the structural fields that have been mapped out by Campbell, Brodmann, and others.
The method which was emploved in this investigation depended on the well-known fact that when an axis-cylinder is injured reactionary changes generally supervene in the cells from which it springs. On cutting across one pyramidal tract, therefore, it m-ight be expected that after a suitable interval definite and easily recognizable changes could be found in cells from which its fibres take origin, and the distribution of such affected cells would then evidently determine the exact origin and region of origin of the pyramidal tracts. When it had been once demonstrated that reactionary changes do constantly occur in the cells of origin of the pyramidal fibres after section of these this method seemed free from error and capable of giving precise and unequivocal results; it is certainly without the dangers that arise from the adventitial injuries and the spreading circulatory disturbances that are so liable to accompany the only other method we could have employed-viz., the extirpation of limited regions of the cottex in animals, and the determination of those which send fibres into the spinal cord.
The mlode of procedure, therefore, was to divide in the animiials used one side of the spinal cord in the upper cervical region, and after a certain interval examiiine systematically the cerebral cortex of both I An abstract; the paper will appear in full in a coming number of Braini. hemispheres by some modification of Nissl's method. To insure accurate results it was evidently necessary to use only cases in which the pyramlidal tracts were the only corticofugal fibres injured. This condition would scarcely have been possible if the pyramidal fibres had been divided above the level of the medulla oblongata, as the corticopontine tracts and other fibres of cortical origin would be almnost inevitably injured as well. Consequently the present comllmunication can deal only with the pyramidal fibres that enter the spinal cord that is, only with those subserving the mnovemiients of the trunk and limbs and the corticobulbar fibres and the upper ml-otor neurones concerned in the movenlents, of the eyes must be neglected.
The origin of the pyramidal fibres in man was silmilarly investigated in cases in which these tracts were interrupted by acute transverse lesions of the spinal cord. As reactionary cell-changes are by no means so constant or so typical after slowly progressive destruction of their axiscylinders, only cases in which the pyramidal lesions were acute were emiiployed, but it will be shown in a later comiimunication that the cortical changes that occur in system degeneration or local disease of the pyramidal tracts entirely confirm the conclusions detailed in this paper.
The investigation was carried out on dogs, cats, lemurs, monkeys of the miiacaque family, a chimpanzee, and on mnan. The animiials were kept alive after hemiiisection of the spinal cord for periods varying between twenty-three and one hundred and fifty-seven days. One of the human cases survived the accident one hundred and eight davs, the other two hundred and twenty-nine days.
The characteristic reactionary changes in the cortical cells need but a very brief description; they consist essentially in that process which is generally known as retrograde chromatolvsis or reactiot dt distance. In the early stages, say three weeks after hemaisection of the spinal cord, the affected cells may be slightly swollen and imiore rounded than normal; the Nissl bodies they contain are partly disintegrated, especially in the perinuclear zone, and the nuclei are frequently displaced towards one side. of the cell. Soon, however, mlany of the affected cells begin to shrink and atrophy, their processes disappear, and they may be frequently seen surrounded by neurophages. Eventually they disappear completely; thus in a macaque monkey, which was allowed to survive the operation forty-nine days, only about one-half or one-third of the affected cells were still recognizable, and in another miionkey killed after one hundred and fifty-seven days practically all the affected cells had disappeared; a more or less similar condition was found in the tw-o huLilman cases.
AIH-20
It may be pointed out here that in contrast to what is the rule in the cells of the lower motor neurones, cortical cells that undergo acute reactionary chromatolysis apparently never recover but invariably degenerate completely. This fact is of great practical importance, as it alone excludes the possibility of the regeneration of pyramidal fibres.
In all the brains which were examined these changes were found only in the large giant-cells which were originally described by Betz and generally bear his name; these are present only in the infragranular layer of pyramidal cells of a small region of the cerebral cortex. In the primates they are found only in front of the central sulcus or the fissure of Rolando; in the lemur and the carnivora they occupy less easily definable areas. In neither the monkeys, the anthropoid ape nor in man could there be found after division of the pyramidal tracts any changes in the cortex behind the fissure of Rolando; and in the carnivora, as well as in the primates, the only cells affected were the giant-cells of
Betz.
A monkey of the macaque tribe in which the right side of the spinal cord was completely divided by the electrocautery 157 days before the animal was killed may be first described. After the brain had been photographed, so that the region from which each section was taken could be afterwards identified, the whole of the Rolandic region of each hemisphere, as well as the greater part of each frontal lobe, was examined in almost complete serial sections. The changes found in the left henlisphere, that contralateral to the spinal lesion, were intense and unmistakable. They consisted of the almost complete disappearance of the giant-cells from a portion of the anterior central gyrus and the paracentral lobule. In the latter the affected area extended to the callosomarginal fissure, narrowing downwards, but it lay only in front of the upper end of the fissure of Rolando; on the lateral surface it extended down to the knee of the sulcus arcuatus. On the lateral surface too it lay only in front of the fissure of Rolando, but extended to its bottom. The precentral sulcus was included within it. No changes could be found in any of the cells of this region except in the giant pyramidal cells.
Another macaque monkey was killed forty-nine days after section of the left side of the cord in the first cervical segment, and in this animal the area containing affected cells was practically the same ( fig. 1 ). But as this animal survived the operation a much shorter period the area was distinguished chiefly by chromatolytic giant-cells, but these cells were in addition reduced to almost a third of their normal number.
The brain of a chimpanzee which was killed twenty-eight days after division of the spinal cord in the third cervical segment was examined in the same way. mal number, and of those that were recognizable only about a seventh could pass as normal-that is, only about one-fourteenth of the whole were unaffected. Both human brains in which the origin of the pyramidal tracts was accurately mapped out were from cases where there had been destruction of these tracts, as a result of trauma, in the seventh cervical segment of the spinal cord. In the one case, in which death occurred two hundred and twenty-nine days after the accident, there was, in addition to complete paralysis of the lower limbs and trunk, total paralysis of the movements of the wrists and fingers, and of extension of the elbows; flexion of the elbows and alt the shoulder and neck movements were, on the other hand, unaffected. Fig. 2 represents the region in which definite changes were found. The continuous area in the paracentral lobule and the upper portion of the ascending frontal gyrus undoubtedly represent the origin of the pyramidal fibres that subserve movements of the lower limbs and trunk. It is succeeded by a portion of intact cortex, in which it may be safely assumed that the movements of the shoulders and neck with flexion of the elbows (the movenments which were not paralysed) are represented; and below it there is another strip of affected cortex, which can be safely correlated with the destruction of the pyramidal fibres that subserve the movements of the wrist and fingers. The changes which characterize these areas were unmistakable; in the paracentral lobule and the upper fifth of the ascending frontal gyrus there was an almost complete absence of Betz cells, and in the lower affected area very few persisted, and most of these were in chromatolysis.
Cases were also examined in which the pyramidal fibres were destroyed by lesions in the internal capsule; as by such lesions cortical projection fibres other than the pyramidal tract are destroyed, it was always found that, in contrast to the cortical changes which result from destruction of the pyramidal fibres alone, in addition to the Betz cells, many of the large pyramidal cells of both the infraand supragranular layers, but especially of the former, were also involved. Further, these cortical changes were not limited to the regio-n from which it has been shown that the pyramidal fibres take origin.
In the lemur the area that gives origin to the pyramidal fibres lies chiefly in front of the small depression on the lateral surface of the hemisphere, which is by Ziehen regarded as the homologue of the sulcus centralis. In the carnivora the same area lies chiefly behind the sulcus cruciatus.
The following conclusions may be drawn from these observations:
(1) In the primates it is only from the cortex in front of the fissure of Rolando that corticospinal fibres take origin.
(2) It is only from the giant-cells that generally go by the name of Betz, which lie in the so-called precentral area, that these fibres spring.
An interesting question arises from this conclusion-viz., Do these Betz cells give origin only to corticospinal fibres? It is probable that this may be answered in the affirmative, as in the leg areas of the human brains, in which cases the pyramidal tracts were the only corticifugal fibres affected, no normal Betz cells persisted. In the monkeys, however, about one-fifteenth of those of the affected area remained intact, but the explanation of this is evidently that it was from these cells that the pyramidal fibres that remained homolateral in the cord at the level of the Human brain. The shaded areas in the paracentral lobule and the upper portion of the ascending frontal gyrus represent the origin of the pyramidal fibres that subserve the movements of the lower limbs and trunk; the lower shaded area the origin of those for the band and finger movements. The intervening unshaded portion of the aseending frontal gyrus probably gives origin to the pyramidal fibres for the movements of the shoulder and flexion of the elbow. spinal section spring. This assumption is supported by the fact that on electrical stimulation of the affected region of the cortex in these monkeys chiefly homolateral limb movements were obtained; and, further, by the affection of a small proportion, approximately one-fifteenth, of the Betz cells of the opposite hemisphere.
(3) A question of more general interest is the relation of the areas of origin of the corticospinal fibres to the excitable cortex that contains the primary centres for th'e movements of the limbs and trunk; for the reasons already stated the cortical motor centres for the bulbar functions and for the movements of the eyes cannot be considered here. But in attempting to discuss this question the difficulty at once appears that "the excitable motor cortex," as it has been employed, is a purely relative term, and the regions to which it has been applied have been mapped out very differently by different' observers. It is, however, interesting to compare the areas delimited by the histological methods employed in this investigation with the excitable areas figured by the chief recent observers. If the composite diagram recently published by the Vogts, which represents the results of an extensive series of experiments on macaque monkeys, be selected, it will be seen that the area on the lateral surface of the hemisphere that contains the primiiary centres for the movements of the limbs and trunk is practically identical with the area from which the corticospinal fibres take origin. Similarly there is a striking similarity between the excitable area delimited by Grinbaum and Sherrington in the chimpanzee and the areas to which the authors ascribe the origin of the pyramidal tracts in this animal. The' same close correspondence between the physiological and anatomical areas was found in the lemur, the dog and in the cat.
DISCUSSION.
The PRESIDENT (Dr. Ormerod) thanked the authors, in the name of the Section, for their very important and elaborate paper.
Sir VICTOR HORSLEY said it was an extremely beautiful piece of work, and his purpose in rising was to congratulate the authors upon it. Of course, the method had its limitations, but he would like to know whether there were no other changes in the smaller cells of the cortex. After the enormous amount of work which was involved in the present paper, it seemed very ungrateful to suggest some even more elaborate, but it would be interesting to know whether one would find other changes in the nerve-cells if a numerical estimation of their number were undertaken. So far as the present work went, it brought together harmony subsisting between anatomical and physiological investigation, and he warmly congratulated the authors upon it.
Dr. FARQUHAR BUZZARD said he understood Dr. Holmes to say that the absence of any signs of recovery in the condition of the Betz cells at any period after section of the pyramidal tracts afforded an explanation of the fact that those tracts did not regenerate. Was this his considered opinion or did he not allow that the failure on the part of the tracts to regenerate might exert some influence in producing complete destruction and disappearance of the Betz cells ? Dr. HINDS HOWELL said that he had examined the spinal cord and the parts of the brain below the cortex of one of Dr. Holmes's cases, that of the man who had survived his injury for a period of more than 200 days. The methods used had been the Marchi and Weigert-Pal stains. He (Dr. Howell), like others who had examined similar cases, had found a certain amount of degeneration in the pyramidal tracts above the level of the lesion, but the degeneration was very slight. He would have expected to find more marked degeneration in the pyramidal tracts if the Betz cells were the cells from which those tracts arose, as Dr. Holmes had shown that there was a very great reduction in the number of the Betz cells in all his cases. The generally accepted view was that if the cell was destroyed its axis-cylinder degenerated, and this view of the nutritional function of the cell was held quite independently of the truth or otherwise of the neuron doctrine. He should like to ask Dr. Holmes how he would explain the survival of the axis-cylinder after the disappearance of the cell from which he had assumed that it arose.
Dr. S. A. K. WILSON asked if Dr. Holmes could say whether he had found any numerical relation between the number of Betz cells which had been affected or disappeared in the cortex, and the number of fibres of the pyramidal tract cut across at the upper cervical level.
Dr. GORDON HOLMES, in reply, said he could answer Sir Victor Horsley's question in the negative. Brains had been examined from five days to seven months after lesions of the pyramidal tracts, yet at no time had they found any suspicion of change in any of the small cells of the cortex. On the other hand, when there was a lesion above the level of the medulla which involved other projection fibres from the cortex, some of the ordinary pyramidal cells of the supra-and infra-granular layers were also affected. It seemed probable that the Betz cells were only large pyramidal elements for connexion with the cord, specialized as the brain developed that connexion in the course of phylogenesis. Dr. Buzzard raised a question of cause and effect, and he did not feel prepared to give a positive reply to it at once. But the fact that within a short time-thirty days in one of the animals-a considerable number of the affected cells had entirely disappeared was much against the view that they disappeared because the fibres did not regenerate. The point raised by Dr.
Howell needed considerably more discussion than there was time for at that hour. According to the neuron theory, the pyramidal fibres above the level of the lesion should degenerate, or at least atrophy, but there were a number of 100 Holmes & May: Exact Origin of Pyranmidal Tracts similar instances well known. After section of the spinal cord in the upper cervical region in an animal, for example, there resulted an almost complete disappearance of the cells of Clarke's column, though below the level of the lesion one might not get any degeneration in the direct cerebellar tracts. He (Dr. Holmes) pictured to himself that, as the dying off of the cells was a gradual process, the fibres passed into some state of mummification, becoming functionless, but still maintaining in some degree their morphological identity, and consequently were still stainable by chemical methods. He was not prepared with an answer to Dr. Wilson's question, because even the histological work had occupied more than eighteen months, and if in addition they had attempted to count the degenerated fibres, the result could not have been presented yet.
